In an axisymmetric torus the canonical angular momentum, P φ = mRv φ + Zeψ, is an invariant of motion.
The turning points of a trapped orbit are given by v φ = 0; located at the poloidal flux surface ψ T = P φ /Ze.
Changes in the angular momentum by collisions or wave-particle interactions result in changes in the turning points by Δψ T = ΔP φ /Ze; essentially due to changes in the parallel velocity.
Changes in the perpendicular velocity of a trapped particle change the width of the orbit, and to a less extent the turning points.
Passing orbits stay close to a flux surface.
Trapped and passing orbits
T. Hellsten -Varenna 2008 Collisions between passing particles: Their parallel velocities changes such that the averaged toroidal velocity is conserved and they remain close to the same flux surface.
Collisions between trapped particles: Their turning points are displaced without changing the average position of the particles.
Collisions between trapped and passing particles: The trapped particle will change its averaged position in the plasma and the passing will remain at the same flux surface but change its parallel velocity.
Thus, like particle collisions can lead to a spatial transport of the trapped particles and a corresponding acceleration of the passing ones such that the total canonical momentum is conserved.
Effects of Collisions ( like particles)
T. Hellsten -Varenna 2008 For a peaked density profile ion-ion collisions lead to a net outward transport of trapped ions and a toroidal acceleration of the passing ions in the co-current direction.
The outward transport of the ions, without a corresponding fast transport of the electrons, result in an electric field directed inward.
The radial electric field results in a toroidal precession of the trapped ions (and electrons ) with a velocity v φ = E r /B θ in the counter-current direction.
The passing ions will have a net averaged parallel velocity opposite to the precessing trapped particles.
Radial electric field

T. Hellsten -Varenna 2008
The difference in the averaged parallel velocities of the trapped and passing ions results in a friction between the two classes of particles.
The friction produce an inward displacement of the trapped ions and a reduction of the averaged parallel velocity of the passing ions.
In steady state the radial electric field will grow up until the radial flux due to diffusion of the trapped ions from the collisions with the passing ions is balanced by the friction.
Radial Electric Field and Precession of Trapped orbits
T. Hellsten -Varenna 2008 In the standard neoclassical theory the radial electric field is given by
To relate it to the previous formulation we rearrange the terms
Neoclassical Electric Field
Which is the difference between the averaged parallel velocity of the passing ions and the parallel component of the toroidal precession of the trapped ions.
Model the collisions by shifting the parallel velocity of the test particle. 
Proposed Monte Carlo Operators for Coulomb collisions consistent with neoclassical transport
Shift the parallel velocity of the test particle for trapped particles with v || and for passing particles colliding with trapped particles. No shift for passing colliding with trapped.
Ω(ψ) is in lowest order calculated from quasineutrality in the next order or from the collisional electron flux.
The diffusive flux of trapped ions colliding against passing ions
The Flux of Trapped Orbits
The flux due to the friction between trapped and passing ions due to their difference in averaged parallel velocity from the precession where where
The background f is a shifted Maxwellian
The total flux of ions and electrons has to satisfy quasi-neutrality Quasi-neutrality
: : : :
Expanding the collision operator in mass ratio (m e /m i ) 0.5 ; quasi-neutrality gives due to the higher collision frequency for ion-ion collisions
T
. Hellsten -Varenna 2008
We obtain γ n = 1, γ α (0)= -0.25 standard neoclassical -0.17. γ α and γ L are non-linear function of u i (0) , radial electric field. γ α changes sign for l i u i = 0.67 and can contribute to a stronger radial electric field. Bifurcated solutions.
Important for transport barriers
: :
Wave induced ion particle transport or prompt ion losses or a reduction of the wave induced electron transport increases |u i (0) |, radial electric field.
Wave induced electron transport reduces the radial electric field.
To be of significance the transport should be comparable to the neoclassical transport due to ion-ion collisions i.e. about 40 times the neoclassical particle transport.
The Effect of Wave Induced Transport or Prompt Losses on the Radial Electric Field
T. Hellsten -Varenna 2008
Wave-particle interaction both change the invariants of motion and displace the guiding centre. Conservation of momentum Wave particle interactions
The changes in P φ and Λ are related to the change in energy, ΔW RF A change in P φ results in displacements of of the turning points by:
For a circular cross-section: 
Selective Detrapping by ELD/TTMP
Change of current due to detrapping Δj || = -ev ||T Fraction of momentum absorbed on trapped particles leading to detrapping
The change in current is of the same order as if it was directly absorbed on passing particles
Wave-particle change ψ , and produce a flux of trapped particles across the flux surfaces (for symmetric detrapping). 
Particle Flux by Wave Particle Interactions
The electron flux The wave-particle interactions affect directly the electron transport by the RF-induced electron transport, but also indirectly by the RF induced transport of ions through the change in u ei 0 ≈ u ii 0 which has only an effect of the order . For thin orbits 
The changes of the toroidal velocity as passing electrons collide with trapped ions, give the bootstrap current Neoclassical transport in a nut shell The current is obtained from the toroidal velocity of the electrons
Momentum balance of passing particles ( )
Change in momentum by passing colliding with trapped is the same as trapped particle colliding with passing, related to fluxes 
The bootstrap current is affected by the wave-particle transport through the shift u i (0) , radial electric field.
Wave particle induced ion transport or prompt ion losses or reduced electron transport increases the bootstrap current whereas wave induced electron transport reduces bootstrap current. 
Electron current
The fraction of recovered current through changes in the bootstrap current becomes Recovered fraction of current due to absorption on trapped particles ( )
which is of the order (m e /m i ) 0.5 .
The additional bootstrap current due to wave particle interactions depends only on the total momentum absorbed by ions and electrons, and thus on the direction of the wave through n φ and m θ .
Thus, the bootstrap current absorbed on trapped and passing particles counteract ion current drive and enhance electron current drive.
T. Hellsten -Varenna 2008
Orbit averaged Monte Carlo operators have been developed for toroidal plasma, consistent with neo-classical transport. This is achieved by shifting the parallel velocity of the test particles and using the collision operators developed by Chandrasekhar´s for Maxwellian plasmas.
The shift is non-linear with respect to ∇T i and losses beneficial for transport barrier and produce radial electric field stronger than the neoclassical one. The non-linearity may lead to bifurcation.
The coupling between the electron and ion distribution functions can be modelled in the banana regime by shifting the velocity between trapped and passing particles.
